Some strains of Streptomyces produce sialidases. Two sialidases were purified over 1,000-fold from a culture filtrate of two Streptomyces species. They had the same properties in molecular weight, behavior to ions and other reagents, and substrate specificity. They showed very small differences in kinetic properties, pH optima, and heat stability. These Streptomyces sialidases differed markedly from Clostridium perfringens sialidase in molecular weight, p-chloromercuribenzoate sensitivity, and substrate specificity. Approximate molecular weights of the sialidases from Streptomyces and C. perfringens were 32,000 and 57,000, respectively. p-Chloromercuribenzoate (10-I M) caused complete inhibition of C. perfringens sialidase but not of Streptomyces sialidases.
Glycosidases called sialidase or neuraminidase (N-acetylneuraminate glycohydrolase [EC 3.2.1.18]) are widely distributed in a variety of microorganisms and animal tissues, and bacterial sialidases have been prepared in a highly purified state (1, 6) . However, extensive purification has not been attempted for sialidase from other sources. Sialic acids are constituents of numerous glycoproteins, glycolipids, and oligosaccharides, and in many instances removal of sialic acid by sialidase is accompanied by a loss of biological activity (5, 20) . Thus, it is thought that a sialidase specifically reacts with these sialyl compounds might be useful in detecting its physiological role.
In this communication we describe the purification and characterization of Streptomyces sialidase and compare it with Clostridium perfringens sialidase.
MATERIALS AND METHODS
Organisms and growth conditions. Streptomyces strains, to which laboratory numbers (MB395-A5 and MB503-C1) had been given at the Institute of Microbial Chemistry, were studied in detail. Strains MB395-A5 and MB503-C1 were classified as Streptomyces griseus and Streptomyces purpeofuscus, respectively, by M. Hamada in our institute. They were shake-cultured at 130 rpm in a medium containing 1.0% glucose, 1.0% starch, 0.75% peptone, 0.75% meat extract, 0.3% NaCl, 0.1% MgSO4*7H2O, 0.1% K2HPO,, 0.0007% CuSO4 5H20, 0.0001% FeSO4 7H20, 0.0008% MnCl2 4H20, and 0.0002% ZnSO4 7H20 at 27 C. Production of sialidase peaked after 3 days.
Substrate. Bovine sialyllactose (BSL) was prepared from cow colostrum according to the method of Kuhn and Brossmer (16) . Human serum al-acid glycoprotein and human erythrocyte stroma were generous gifts of K. Hotta, Kitasato University, Japan (13) . Fetuin prepared from fetal calf serum was obtained from Calbiochem, Los Angeles, Calif. Mucin of bovine submaxillary glands, type 1, was purchased from Sigma Chemical Co., St. Louis, Mo. Bovine glycoprotein (Cohn fraction VI) was purchased from Nutritional Biochemicals Co., Cleveland, Ohio. Ox brain ganglioside and disialylglucosylceramide were generous gifts of S. Handa and M. Hoshi, respectively, University of Tokyo. These substrates were used for substrate specificity studies.
Estimation of enzyme activity. Reaction mixtures contained 40 ,ug of BSL as substrate, 0.02 M citratephosphate buffer, pH 6.0, and enzyme preparation in a total volume of 0.5 ml as described previously (3). After 30 min at 37 C, released sialic acid was determined by the thiobarbituric acid method of Warren (28) . One unit of sialidase activity was defined as the amount of enzyme which released 1.5 nmol of Nacetylneuraminic acid per min. For substrate specificity studies, various substrates were added in amounts containing 0.14 umol of glycosidically bound Nacetylneuraminic acid. Ganglioside and disialylglucosylceramide were dissolved to 2 mg/ml in CHCl3-MeOH (1: 2) and added to test tubes. After evaporation of the organic solvent in vacuo, enzyme solution was added and incubation was carried out under suspended conditions with sonication. Protein content of the enzyme preparations was determined by the procedure of Lowry et al. (18) or by measurement of ultraviolet absorption at 280 or 210 nm.
Other materials. The following proteins were used as markers of gel filtration: egg albumin (molecular weight, 45,000) and bovine serum albumin (molecular weight, 65,400), purchased from Miles Laboratories, and horse cytochrome c (molecular weight, 12,400) and horse myoglobin (molecular weight, 16,900), purchased from Miles-Seravac (Pty) Ltd. Diethylaminoethyl (DEAE)-cellulose and carboxymethyl (CM)-cellulose were purchased from Brown Co. Sephadex G-100 and hydroxylapatite (Bio-Gel HT) were pur-PURIFICATION OF STREPTOMYCES SIALIDASES chased from Pharmacia and Bio-Rad Laboratories, respectively.
RESULTS
Purification. Unless otherwise noted, all procedures were carried out at 0 to 4 C and centrifugation was done at 10,000 x g. After 72 h of growth at 27 C, the culture fluid was separated from the cells by centrifugation. The supernatant fraction (fraction I, 9.5 liters) was brought to 40% saturation with solid ammonium sulfate and allowed to stand overnight. After removal of the precipitate by centrifugation, the supernatant fraction was brought to 60% saturation with solid ammonium sulfate under gentle stirring, and the mixture was stored overnight. The resulting precipitate was dissolved in distilled water and successively dialyzed against 0.01 M sodium phosphate buffer, pH 6.0, containing 0.025 M KCl (fraction II). Thereafter, it was passed through a DEAE-cellulose column Fig. 1 . Peak fractions (fraction V) of CM-cellulose eluate were concentrated by ultrafiltration with a PM-10 membrane (Diaflow), dialyzed against 0.001 M phosphate buffer, pH 6.8, and adsorbed to a hydroxylapatite column (1.5 by 11 cm) equilibrated with the same buffer. The enzyme was then eluted with a linear gradient of sodium phosphate buffer, pH 6.8, from 0.001 to 0.1 M (Fig. 2 ). Peak fractions (fraction VI) were concentrated by pressure dialysis and subjected to Sephadex G-100 (2.2 by 52.5 cm) column chromatography. The sialidase was purified in a single peak (fraction VII) (Fig. 3) . Analysis of the purified enzyme preparation containing about 10 ,ug of protein with disc gel electrophoresis at pH 8.0 showed homogeneity, but a comparison between the pattern of enzyme activity and that of protein concentration showed that there was some impurity (Fig. 3) . Ampholine electrofocusing (pH 3 to 10) showed that the isoelectric point of sialidases from two Streptomyces strains was the same at pH 7.9 to 8.0 at 2 C, and the presence of several different sialidases was not observed. A summary of the results of the purification of strain MB395-A5 sialidase is given in Table 1 . Strain MB503-C1 sialidase was purified by the same method and to the same degree of purity.
Contaminating enzymes. None of the following enzymes were detected in the purified preparation: N-acetylneuraminic acid aldolase, ribonuclease, deoxyribonuclease, protease, or ,@-galactosidase.
Effect of heat on enzyme activity. On incubation in 0.02 M phosphate buffer, pH 6.0, for 5 min, strain MB395-A5 and strain MB503-C1 sialidases lost most of their enzyme activity at temperatures between 50 and 60 C, with a slight difference in heat stability.
Effect of pH on enzyme activity. Strain MB503-C1 and strain MB395-A5 sialidases had optimal pH at 3.5 to 5.0 (Fig. 5) . But the ratios of the activity at pH 7.0 to that at pH 4.5 were 0.73 and 0.25 for strain MB503-C1 and strain MB395-A5 sialidases, respectively.
Estimation of molecular weights of sialidases. The molecular sizes of the two Figure 7 shows typical examples, and in Table 3 Gel filtration with Sephadex G-100. Fraction VI concentrated with pressure dialysis to 2.5 ml was passed through a column of Sephadex G-100, and 3-g fractions were collected. The enzyme was eluted with 0.05 M sodium phosphate buffer, pH 6.8. Sialidase activity (0) was measured by using 2 .liters of each fraction. Protein was estimated as absorption at 210 nm (-----). 
DISCUSSION
There have been reports of sialidase from viral (9, 10, 14, 26), bacterial (11, 12, 22) , and mammalian sources (19, 21, 29 8) linkages (6) (7) (8) .
On the other hand, viral sialidases readily cleaves only (a, 2 3) (7, 8, 24) . Bovine sialyllactose is mostly composed of (a, 2 3) linkage with a small quantity of (a, 2 6) linkage (24) . In al-acid glycoprotein, the presence of (a, 2 4) linkage is known (15 most rapidly, and C. perfringens enzyme hydrolyzed it most slowly. But these enzymes were similar in their ability to hydrolyze these substrates under conditions of long incubation; i.e., with long incubation, BSL, human serum alacid glycoprotein, and human erythrocyte stroma were completely hydrolyzed by all of the enzymes. Fetuin is fetal calf serum a-globulin which has sialyl (a, 2 -3) galactosyl (a, 1 -4)-N-acetyl-D-glucosamine (27) . It was partially hydrolyzed by three enzymes. Bovine submaxillary mucin is known to be partially hydrolyzed by C. perfringens sialidase for 0-substitution of N-acetylneuraminic acid (6) . Calf brain ganglioside containing a-ketosidically bound neuraminic acid is resistant to V. cholerae neuraminidase (17 (2) , and unlike myxovirus enzyme, they were not inhibited by EDTA (23) . In these properties Streptomyces enzymes are similar to C. perfringens sialidase, but differ markedly in p-chloromercuribenzoate effect and molecular weight. C. perfringens enzyme was strongly inhibited by p-chloromercuribenzoate, but Streptomyces and myxovirus enzymes were also not inhibited. Sialidases from various origins have different molecular weights. Streptomyces sialidases have the lowest value (3.2 x 104) except for V. cholerae enzyme, with a molecular weight of 10I to 2,x 104 reported by Mohr and Schramm (25) .
The two sialidases purified from Streptomyces griseus and Streptomyces purpeofuscus were similar in molecular weight, substrate specificity, optimal pH, and reactions to various reagents. They were different only in stability at 50 C and the ratio of activity at pH 7.0 to that at pH 4.0. These observations suggest that the genus Streptomyces produces sialidases that are similar in type but somewhat different in structure.
